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ABSTRACT I

Outdoer leaders constantly face prohlenc created by
Hater shorta e and, to act effectively, must thercughly understand
the body's usk of wéter and the ways to delay dehydia tion when water g )
shortage cccurs. Dehydration begins when there is a negative water ™
balance, or more water lost tlan ingested, and fprogiesses from the
‘. Stage of dryness, to the "cotton mouth® stage, and finally to the
' stage of structural degeneration. The symptcms cf dehydration
progress frcm thirst and general uneasiness tc senscry imprairment and
inability to think rationally. Dektydraticn can be ccunteracted by
.increasing water intake and reducing water loss. The kcdy assimilates
sh water most easily, Lut other water sources are available to. the
ledgeable person. For example, urine of a fully hydrated person T
- may be ingested while urine of a dehydrated person shculd not be
| 1ngested though it can be used to lower skin temperature through
' evaporation; wash wounds, stings, and bites; cr operate a solar
still. Reduction of water loss is accomplished by proper ingestion of
,available water, preventing perspiration, using clothing to protect
\ fron beat and evaporation, and avoidirg all types cf dehydrators,
ie e., alcohol, blood, salt, proteins, ardd fats. (JH)
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As Qutdoor Leaders we are constantly faced with the problens

created by dehydration and water shortage, Besides fulfilling the

.responsiblilty of inform¥ng oyr students of the effects of water

. \ . ) )
shortage, we afa;faced with the actual consequences of lack of water,

The purpose_oflthis report is to expose many of the old wives

~ tales céncsrning,water usege, ‘as well as to ex#lore‘many of the actual

usages and proplems of water or lack of it. The main source of informa-

tion was Thirst-Physiology of the Urge to Drink and Pfobleggof Water

Lack, by A, V., Wolf, 1958, and The Physiology of Human Survival, edited

‘ ‘ ' . ' It

by Dr. 0.G..Edhodm and A,L. Bacharach, 1965,

" Before thd problems of water shortage are discussed, the question.

of what water does for the body must bs answered, The human embryo
' S

consists of over ninety five percent water. The parcenﬁage drops to

. seventy to seventy-three percent with age as the maturing tissues
| become more rigid and-of a higher tensile strength. \Hatergif a

| ndato;x facter in food metabolism, musclg tonicity, waste elimination,

eellular upkeep, and temperature regugation,

. 4 )
As an Out&oor Leader the all-encompassing factor 15 water balance.

Water balance is simply a ratio of the amount of water ingested to the

anmount of water lost. This water loss occuis‘through evaporation, waste

" elimination, respiration, and tissue destruction (such as burns). Water

. gain is accompliéhed primarily through water lngestation and faogxgﬁidgﬁ“'“'

tion, This water loss and gain 1s 1llustrated in Chart 1 on the 'following

12

rage.
" Thirst is often thought to be indicative of body needs. Such is




local and general, Local thirst, often referred to as "false thirst”,

2. ~

-frequently)not the case, This 1s because there axe two types}df thirst;

- "v\

[ - o

has symptoms'which are centered around uhg esophagus ani throat, It Y
occurs'primarily through the drying of the cells in the throat area. . -

With the application of water, these cnlls tend to rehydrate and the'

_ thirst symptoms are alleviated with the ‘possibility of the totaf vedy |
,ngads not being satisfied. These local thirst synptons are also |
~ alleviated through the use of a "regulation pebble”, such as a small

stone, button, i;wi'gs, gum, hard candy, or an antidipticum (remedies

X . o
that lessen thirst such as camphor, ether, peeled root of licorice,

L A :
and opiun).l It should be noted that these antipticums may exclte

saliva flow but otherwise the effects are largely psycholcgical.2

Chart 1,
Water Caln ' | ml,
f : .
Liquid Food _ ' 1100
Solid Food 500-1000
Water of Oxidation 300400
Total ' 1900-2 500
Water Losses . ' ml,
vUrEhe > 1000-1400
Insensible Perspiration 500
~ Respiration 300-500
Feces - 100 |
Total 1900-2500
aER— -#

It should be noted that all of these amounts can vary greatly

depéﬁding on the person, his diet, environment, and activity,.3
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If thirst is not alwayé a good indicdtor of true body.needs,
what then are good indlcators of water needs? Symptoms experienced by
' - men with an inereasing negative water balance are: 1. muscular fatigue
: (being the most common), 2. thirst (noticeable at first but not increasing

v with severity in many cases), 3. vague discomfort in the form of heat

* .
T

oppressidh, sleeﬁiness, and dizziness, 4. urine discoloration ( beconing
{;::darker and thicker), 5.'ndusea, and 6. headache. As dehydrgfion beconmes
* nore acute{ vision becomes dimmed, hearing is 1mpai;ed, skin‘dévelbps a
sunken and somewhat rigld apﬁéarancd., Along with this figidigy, nunb
and b%gedy cracks appear. Thése symptcmS‘indicata that a point of no
return is reached with the lethal point being between 15 and 25 per cent’
water‘&§§icit (loss of body fluid‘weight). At a deficit of 12 per cent
the inabilité to swallow is raached and a maﬁ must be éiven water intra-
‘\gl venously or if this is impossibla, vexy small anounts of water must be
glven, slowly, to allow any possiblé absorption to td&e placa. At a 2.5f
~ per cent water deficit a man loses over 25 per cent of his efficiency,»
‘as he does if the temperature (8mbient) approaches 110 dngrees F, or
'.over.u At this stage of water deficiency, group coaperatinn cannot be
: expected and gross mental.deterioraticn becomes evident.s The effects
'of heat and tima, as a -function of water deficiency are’ 11lustrated |
‘. . 4n Charts. 2 through u on, the following Pages.,

{ *
Stages of Dehydration

»

With the physical syﬁptoms,‘negaﬁive.ﬂater balance proceeds in
three successive stages. Stage one is called*thedgtage of normal dryness.
Thiisi is appargnt in this Stage along with general uneasiness and irri-

tation which accounts for the fact that thls is also called, the ciamorous
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stage. While stage one has been experienced by many people, many times,
ard is not considered dangerous, it is significant in that it is the

bsginnigg of a water prodblem. Stage one can be thought of as a;warning

signal of impending trouble, if the person is aware enough to notice it.,

.lStggs two is also known as the "cotton mouth”, stage. Its charac-

tsristic symptoms are dry mouth scant mucus oxr saliva secretion, skin

‘shrinkage, cracked voice, personality changes, (i,e. prejudices are
intensified, sudden revulsions appear,fclothingvis stripped, and other
abnormal reactions); ‘The mind becomes disorganized and speech rambles,

Brssthing difficulties and skin numbness are experienced in the latter -

9 degrsss of this stage.

-

Stage‘two symptoms are alleviated oniy by‘ons'substance - water,
DepenQing on the severity of water lack, the'water n edsd is elther in
quarts or gallons. This watsr Should bs drunk until satiety and then sone,
The water can be gulped, contrary to. popular beliaf. There is littla‘}f
any evidence supporting tne notion that drinking water in large quantitiss,
with a negstivs water balancs, is dsletsrious.6 In fact, the best
performance fqr working in the heat has been rspordsd to be intermittent

hard work with an hour by hour replacsmsnt of water lost through sweat,!
|}

' Howaver _the‘x ter sh&uld not e ics cold, since will close the
y .U ﬂf ’ ; ' }b&?"— .

N

- sphincter muscleg of the'stonach; preventing water apsorption.s The

- latter pnsses-of stage two can be thought of as the beginning of the end.

.

| medical aid is not forthcoming.' The speed at which a person goes

Stagp ‘three, the stags 'of structural degeneration, is fatal if

from%stage two to stage three 1s largely dependent on the victim's
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negative’ water belance probleme and seoond helping the vigtimexcombet

B

physioal condition, especial}y*hts;irurement (tolerance) to hot oliuates. ,/

‘In this stage, the lips become cracked, blood flow throueh wounds becomes /

~ /"
thick end viscious. the gums shrink and walxiné beconee uncoondimdted ){

and extremely difficult. The mind loses all ox most of its ability // . IR -
/ St T
to rationalize, sight and ‘hearing dim until unconsciousness’dfzelons fol-

lowed by 1rrevooable deeth from hyperthermia. Damage occuring duri rhe
/‘.‘. "

_third etage is frequently irreversible even with nedical helo. / o

Responsibilitx;of Outdoor Leaders ‘ o /

]

Outdoer Leaders faoe a major, two—fold ta.sk. First, recognizing

then., The obvious question is: "How can I avoid dehydration or negative
water balance?" The obvious -answer is by water intake and water 1oss
reduction, Thie.sound§‘eesy but often it is not, A

- Fresh water is the most reedily assimilated form of water

: utilized by_the body. Water that is contaminated by salt 1n concentra~ t

tions greater than osmotlce potential gradient tend to cause body cells

to give up their water instead of absorbing it. Because of this

reason salt water cannot. be absorbed by the body either via the stomach
enema, OY skin. ' ‘ |

Salt water does have a dual purrose in the survival/situation.
The first of theee being the fact that salt water ean be used to cool
or lower the outer skin temperature through evaporation, Thie can he
aocomplished‘by wetting'the skin or clothing of the:survivor;\ﬂlt
also should be neted that when water losses are high, througb resoiratlon,

a

a damp Plece of oloth placed over the mouth end nose. will reduce these
. 9 | .

K3

IOSses considerably.
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The secongi’\lse of salt water, although con ,ff:overelel in netuz‘e,

A

. will be dealt with as it may be a poseible utilimt*on techn* que. This

technique is i‘resh water adulteration or the mixing ef salt water with

S—

fresh water in an attempt to extend the total supply. While at first

~

thought fresh water adultera.t.ion would seen to be a survival ermr.

4?

ﬁe very principle is accomplished e-verytime the de ng kit is

| utilized, In ‘fact, the dssalting kit is designed

\fb.eﬁercent 0 e origina.l salt content, Thie ien peércent is retained
in an effort to obtaill a nors fa.vorable weter balance with the 8.1#.
1nstead of pure fresh wa.ter. The rema.inder of the ie ‘precipltated
out in the forn of insoluhle silver chleride, barium te, magneeium

| hy’dmxide, and&eolites. 'I‘heee insoluhle pa;tt;clee are then filtered -
out and activated charcoa.l added for taste and odor removel.10 *ﬁ
‘ Vhile therse 1s sone evidence that freshwater adu]’.‘tera.tion
(with saltwater) will help mad.n'%ain the circula.tory funeti‘\ (Bubini,

. Hoif Heroney, 1956 Gamble 19444, Elkinton and. Danoweki 1955, Prent.ies,'
ang Douglee and Sm.ith 1959k./u. should be royed that while /the cir-’
cuiatory eystem is ‘penefitted to somé extent, thie\bex;it;. is derived
- at the gxpense of cellula.r funetion.n BEven ccnsi&ering this problem, .
"Hany phyeiologiste have nevertheless still not entirely discanied
the idea the.t Just-a 1ittle eea.water, '1imited’ ma.riposia., may assist

4in survi'val and save some small fractiongbody w'e.te‘r.l_2

However. fox evm;y physiologiet that thinks salt water - fresh water

. mixj.ng may be of some ve.lue, there is another nhysiologiet that W%

C

5,

A
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'believes it to be a dangerous practice, With any sea survival situat}on

~ there is usually a ccnaiderable amouat of salt water ingestion. This

inggstion of-salfwater can significantly :gifg the salt lefgg’of the

' body, thereby adding to the prablem of too much salt in the/ggdy.

As a general survival.rule, the OutddSTNLeader should stay away from

advocating any use cf salt water, except for cocling purposes, until

. more definitive evidence is obtainable.4

“A¥ The following illustration depicta the process hy which -salt i

water-causes an increase in cixnulatory fluld at the expense of cellular

-
~

__'flnid. ST . . o _ .
- Normal salinity "_ . : "Excessive salinity s
in cireulatory L. _ in circulatory \#

flud B L flutd

:

Circulatory Fluid System

. (f”

Al



" The coneentration of salt contained in these layeré will vary frnm over

N | | 11,
. Freshwater- can be gleaned ;fcm :rozen.salt water, ii}care is ‘;
taken during the thawing process. When-salt\gpter is frozen the salt
tends to éq;QZntrate towai?(zhe vottom of the container, If the salt

water 1is dllowed to melt‘the fluid willétand to,seperate into fractions.

twice the original concentration in the lowest layer to less than one - = a-fh

C_tenth in the highest layer, The first thirty percant of the original

amount of s&l,_xaiax_is table, asﬁumtng &hami%has heen no mixing.13

The following diagram 111ustrates this pdint. , ‘ //

‘g ) . | {y ’ ‘ Y )% ’. ‘I

Chart 6

FOTABLE

---_5—

DECREASING CONC.

-mnr e S o

| mice conc.

L Heaviest Salt. N * Thawed Salt : »
Concentration . Water A

It is also a well known survival fact that old _sea ice, (blue

in color) is potable, while new sea ice,(white in color and very

- flexible) contains too much salt to be usable, With aging the brine

m;xtuta'moves'downwaxﬂ %hrough the ice, As it moves downward through

. ‘ ) % .
Ad ~ e
. . , . - X ' / -

4
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the ice block the crystals of ice grow closer togethe causiﬁp'the'

15 ~—

salt particles to be "pushed out”, =~ Salt water also thaws more

readily than deesft;esh water and the salt is leached out with time.." -

The fluid from fish (cogfggly called stickwater) wvas often : -

thought of as a water substitute. The fact is, a human being can not -
coneentrate.the urinejsuffieiently to alldw utilization of this fluid

without further dehydration. Fish fluid cotitains large aaounts of -

-‘proteins and oils. Consequently\‘what water is contained in the fluid

is ussd in metaholism thereby inc:aasing the aody~s need for wa.ter.16 N

Hi tarically, ufine has been mentioned as a water substitute.

f\

xin, such is usually not the case, with grine adding nothing to

the body's water halance. Because of the lack of osmotic space, i.,e.

the”kidneY's inability fo concentrate urine beyond a certain, point,

ux{ne'actually causes the formation of more urine, which in turn

‘further increases the:body's need for water.17 This does not appear
to:be the’ case 1f the urine is dilute, such as from a fully hydrated

vnon—sweating person. If hydrated, a person s urine during the first

P 18
twelve hours may be beneiiclal to his water balance. This is assuming

r]
that there is no great loss of water by;sweat}ng and that the survivor
can cope with the psychological effect of drinking uriﬁe,‘(urigosia).

However, the use of urine ﬁas song survival value, Urine can

- be used to wash wohnds, stinge, and bites., It can also be used in the

evaporation process to cool the skin temperature and in the operation

A
of a solar still.19

16



. ~.:2?)u£e, 1t 4s not ard ‘should not. .
) her odgotic pr ssure ant'%he pre énce of, T

~ While driqkﬂng blood has ‘been uysed as a liquid or watzr sub-

-

considered as such, Bdth'the
ns and fats cause
| 20
rough meta olism, than is gained.

The use of phants for water is a gell established fact and’ need not

' the bedy to "give up' more water,‘

‘\“ - e discusseq to grbat length in th{s paper., It will be neted that

e

some of the plants used for water or a water substitute are: grass,
 Aloe Berries, Barrel Cactus, Prickly Pear, Water Vines, Bamboo and
Fig 2t
| The eexitobvious question is; how can.I'deley dehydration if
faced Qith aqwater shortage, It is of peiameunt'impoItaﬁbekto apply
appropriate survival principles. tseme of which are as followst
1, Drink when thirsty, within reason, ox when water is needed,
2. Ratien your sweat netyeux-water, (water in small quantities does
nothing to 1nhihit the onset of’dehydratien, while larger amounts will
delay or alleviate these effects)s 3. utilize all available shade ~
perform taske which require the etpenditure of energy in the cooler
| night tenperatures. 4 ¥Within reason store water in your stomach not
yeur canteen, people have been found dead of dehydration with water in
w‘ their canteeﬁe. 5. Keep your clothes’locse fitting and ;ayered to protect
) lfrem &he heat,‘eun,aﬁd evaporaiion.‘ué. Keep conversation to a minimum

 to avoid water loss through the mouth. 7. Avoid all types of dehydrators,

1.0, foods,falcohel, bloed, and sethzg
Since the water content ef urine varies particulary with the

g development of dehydration, attenpt to concentrate urine. Conceivably,

. . 13,
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| this will proviii more water for life processes. When c&staway : '
with limited.supplies of water, do not consune any, unless heavy
sweating occurs, for a period "of pwengy four hﬁurs. In that time .
the body Will tend to concentrate lts%§%idé toward the minimuwm amount .
e ~ for wasts aliminatioﬁ. .Tha remainder is available for other more im-

" gmedia{é‘physiological procasses; Water taken in beforE'this-time preriod,

'uggally goes into the formation of less concentrahed urine, and 1is

23

“wasted™ for the survivor~s pnrposes. |
; Food has already besn mentibned as a dehydrator, althougﬁ_cartaiq
foods aia iess Qo than oth;rs. ,Primarily, of the three'classes of

foods - (carbohydrates, pfgteins and fats), tha carbohydrates require :'

the least amount of water ta oxidize. In fact, the sugar glucose |

rdisp&aces_o;éhe cc,of water per gram and yields 0.600 ce of $x;daﬁi§e
water. The addition'of'sugar to the diet also helps prevent'ketdsis,

N | (1n omplete oxidatian of fats) and " sour stomach™ 2%_ How this sugar is
s}orsd or in ‘what type of fqod is of course up to the individual, :
however, when in the form of candy, the hard égndies have been known to
prd&ﬁéé mouth»soiés while the soft jelly typ;s'producé no sucl{'problem.25

Fats and proteins require a greater amount of water to metabolize,
| primarily because of the greater and more complex bonding of the indivi-
dual m3lecules.. Since camplete metabolism_of fats is difficult, the
‘residue must be reho;ed or "washed out” of the system or 1t will become
acidbtic."This metabo;ic acidoéis‘requires additional supplies of water.
With protéiﬁg, the large amounts of nitrogen present causes additional

urea formattonﬂand consequently raquirés‘additional water for elimination.

/

18
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The foilowing illustﬁation depiéts the varigus~effects of "proteins,

ok . '
carbohydrates, and lack of food-on the urine volume (water loss -
ume - the g&éater the dehydration effect’on

oA
“greater the urine v
A _
- dogs). ‘ ‘ : - .
j Chart
/
'O/-No Food
P =Dry Proteins
‘p =Dry Carbohydrates
/ ~ -
-

. 0 1 2 "3 n 5.
 Protein Metabvolized (Gram/Kg/Day) :
' ' Cold Diuresis

Outdoor Leaders observe Lh voth themselves and their students an

! Hincreasé‘in urine output in colder weather., This can be'noticgd'eved
rs as a rgsult of the body

with a decrease of water input. This cccuzﬁg
ing frea constriction of

eliminating the excess fluld volume result
vy D >,.: o .
19 -
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Ths Peripheral vasculature, Naximun vasoconstriction occurs‘in the

R 6
e _ second ho:m exposure.”

\

. Conclusion

4 TN L o .~ o
Because of the length and complexity of the dehydration

pxobieh, a summary is in order, concerning the basic points presented

in this rsport{f
' ) L '
I The human body consists of over sevsnty per csnt water.

2., Water is used by the body in food mstabolism muscle tonicity,
aaste elimination, temperature regulation, and cellular npkeep.

3, - Water loss oceurs throush respiration (especially at high alti-
- tude),'evaporation, waste elimination, and tissue destruction.

4, Water ain 1is acconplished through water 1ntake and food
o oxida on. | .

5. There are two types of thirst:
“%. - a. Logal (called false thirst). False thirst is centsred
B around the throat and esophagus. ‘
o . b, General (called true thirst). True thirst is concerned.
. "¢ . . . with the total body reqnirements. '

. é. _Common antidipticums (materials that lessen thirst symptoms)
are: small pebbles, cocaine, buttons twigs, licorice, gum and
saliva.

7. Thirst is not always a goodkindicator of'pody water needs,

8. Dehydration symptomss. | - = \\‘
S 1-5% of body yelght - 6-10% of Yody weight  11-20% of weight
e ' ecqonomy of movement ‘dizziness . delirium
- thirst ‘ . headache swollen tongue
vague discomfort . tingling in limbs Inability toswallow
flushed skin reduced salivation eafness
sleepiness indistinct speech ffgiibvision
.~ - incredsed temperature difficulty in walking n skin e
o . increased pulse rate. ) - minful winatlion
‘;' S : naussa 1 W
‘ ' ' L

£

. 9, Negatl 8 water valance proceéds in three successlve phases:
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10

11,

12.

13,

18,

15,

16.

17.

)

Salt water Jhas a dual survival purpose: i /
a, Coqling of body through evaporation
b. Possible use oT salt water and fresh water mixi
however this ig still a very controversial‘aub ect and
should be regarded with great- oaution.

Thawed sea water settles ipto layers of increasing salt concen-
tration while with frozen sea water, the highest galt concentra-
tion is at the bottom of the contalnerg .. |
Fish fluid (stickwater) is not a water substitute because of
two primary reasons:.
a. The proteins and oils contained in the fluid demand more
water to metabolize than they contain or produce, thus
- making it more of a food source than a-water substitute,
» Stickwater is extremoly difficult to procura in most
situations,

Urine may or may not be used as a partial water subatituto, depend ~
ing on the factors of hydration and sweating. It can be used in
cooling the body, through evaporation, and in solar still oper-
ation.-o,

Blood is not a water substitute because of the largo amount of
 water needed. to digest it.

Many plants provide acceptable water sources, and should not
be overlooked, in a survival situation, - )

Negativ water balance problems can be. dolayed or proven*ed by:
&. Ratfoning your sweat-not your water.
" b, Reduce temperature gain-mainly through the use of shado &
- night versus day activity.
1. Your body loses 25 % of its efficiency with an
air temperature of 110 dagrees or above,
2, Your body, will lose 25 % of its efficiency
with a loss of 2.5 % of 1ts body fluyids, -
Coa Store water in your stomach-not your'canteen,‘within
reason. _
d. Keep your tlothes loose and layerad
e. Avoid dehydrators, such as foods, excassive alcohol,
and salts.
£, Avold water intake (unless with extreme sweating), for
. the first twenty four hours, to coneentrate the urine.

17. Of the three foods: oarbohydratos, proteins and fats, the car-

‘bohydrates require the least amount of water because of the.
‘chemical bonding.. Proteins require the most water to metabolizo

~and excrete, because of the nitrogen contalning comPounds

formed, such as urea, //

18, Cold diuresis causes an increase in urine out;ut in cold

environmenis. A\

LN
~

% 7‘;
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-\¢ ‘ | ' _ Glosés;x
| Adipéa:.'RemedieS'té 3113Y_thirSt; ’ -
Aﬁtidipticﬁh: AAn ngént tha£ lasseﬂ% thirst,
,sﬁalancei Equality of intake versus ontput. )
| Dehydration. Vater deficit, negative waf_ﬁﬂgaad. )
," _“ ) . Dipsogen: Agthirst prcvoking agent. ' | |
. Euhydration: Normal state of body water: .
*  Insensible Perspiration:. Vater loss thrnugh thé skin, in amounts'
} : o usually too small to be readily detected.

Obligatqr& Urine Flow: The minimal volume of urine consistent with the
o ‘excretion of its solute.

f“f“'(‘i -_ Osmotic Pressure: The pressure of a solution which governs the tendency. |
o ' T ef its solvent to pass across a boundary. o~

S N Pota.ble: Drinkahle water.

;&;y~;._ _ _Uriposia: Urine drinking. . ' St
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